Abstract. The use of a 4-bit digital-to-analog converter using two methods; Binary Weighted Resistors and R-2R Ladder is designed and presented in this paper. The main components that were used in constructing both circuits were different resistor values, operational amplifier (LM741) and single pole double throw switches. Both circuits were designed using MULTISIM software to be able to test the circuit for its ideal application and FRITZING software for the layout designing and fabrication to the printed circuit board. The implementation of both systems in an actual circuit benefits in determining and comparing the advantages and disadvantages of each. It was realized that the binary weighted circuit is more efficient DAC, having lower percentage error of 0.267% compared to R-2R ladder circuit which has a minimum of percentage error of 4.16%.
Introduction
Connecting digital circuitry to sensor devices is simple if the sensor devices are inherently digital themselves. Switches, relays, and encoders are easily interfaced with gate circuits due to the on/off nature of their signals. However, when analog devices are involved, interfacing becomes much more complex. What is needed is a way to electronically translate analog signals into digital (binary) quantities, and vice versa [1] . In communication system, digital transmission is faster and convenient but the digital signals should be converted back to analog signals at the receiving terminal [2] . This paper focuses on the digital to analog converter, implementing two different circuit designs. DACs can be used in applications such as it can be found in the processing of computer data by a modem into audio-frequency tones that is transmitted over the use of telephone lines. DAC is common in music players, throughout its use for the generation of audio signals from the digital information. While for the use of TVs and cellular phones, the digital video signals are converted into analog to display colors and shades. In VoIP applications, the source is first digitized for the transmission through an ADC and is reconstructed back using DAC at its receiving end [4].
Binary Weighted Resistors
The binary weighted resistors DAC consist of n number of switches, one for each bit applied to the input. The resistors for the binary weighted DAC are inversely proportional to the numerical significance of the corresponding binary digital. A reference voltage and a summing amplifier is to be used that adds current flowing to the resistive network. 
Objectives
The expected output for this research are stated below: 1. To design a 4-Bit Digital to Analog converter using R-2R Ladder 2. To design a 4-Bit Digital to Analog converter using Binary Weighted Resistors 3. To compare the output of both circuits to determine which of the two methods is more accurate and efficient to use as a Digital-to-Analog converter
Project Specification

Materials
In the construction of the circuit for this research, the components enumerated below are needed for a 4-bit Digital to Analog converter circuit along with the materials for the fabrication of both circuits.
• LM741 Figure 2 and Figure 3 are simulated through the design software, Multisim. The digital-to-analog converter circuit design uses different resistor values and an operational amplifier with the value of LM741.
• Binary Weighted Resistors The layout design shown in Figure 4 is simulated through an open-source designing software tool called Fritzing. Fritzing is used to design the schematic circuit; the layout consists of both the binary weighted resistors and the R-2R Ladder circuit. These layout designs will be used for the fabrication of the circuit in printed circuit board. Figure 5 shows the binary weighted resistors and the R-2R Ladder circuit on the PCB. The PCB was etched and drilled in accordance to the layout design in Figure 6 shows the testing set-up of the fabricated R-2R Ladder and Weighted Binary circuit. This process helped in determining failed connections, and proper layout circuit. Testing the circuit helps in determining the output of the DAC, thus, identifying its proper use as well as its advantages and disadvantages. Table 1 shows the results gathered from the DAC binary weighted resistors circuit. It includes the ideal and the actual voltage output of the given digital inputs. The theoretical least significant bit value is -0.5V while the actual least significant value is -0.491V. It can be seen on Table 1 that the binary weighted resistor circuit has a minimum percentage error of 0.267% and the maximum percentage error is 3.2%. Table 2 shows the results that was attained using the DAC R-2R ladder circuit. It states the ideal and the actual voltage outputs of the given digital inputs. The least significant bit of the input, has a value of -0.625V theoretically while its actual result with the use of the circuit was -0.669V. With the difference of both the ideal and actual values, it can be seen on Table II that the R-2R Ladder Circuit has a minimum of 4.16% and the maximum percentage error is 7.04%
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Data and Results
Analysis
In accordance to the results gathered, the proponents determined that the digital-to-analog circuit using binary weighted resistors is more accurate than the R-2R Ladder. For the completion of the research, the percentage error was computed by comparing the actual results with the theoretical values. Figure 7 shows the table of the comparison of these errors. Binary Weighted Resistors provide better results because this circuit delivers faster conversion time compared to the R-2R Ladder Circuit. However, the R-2R Ladder is cheaper since it only uses two values of resistors while the binary weighted resistors use more values of resistors and these values are usually not available in the market. The group had to series different values of resistors to get the exact values needed for the binary weighted resistors. Other factors are to be considered as well on determining which circuit is more efficient, but in considering the resistor values of both circuits, the use of the R-2R ladder circuit is more practical in converting digital to analog.
Conclusion
In conclusion, the researchers were able to design a digital to analog converter using two different circuits. A DAC using R-2R Ladder was designed and implemented having only two different values of resistors, thus having an advantage based on the number of components unlike the binary weighted resistors DAC wherein different resistor values were used hence having difficulty in attaining the needed output required. In addition to that, both circuits were monotonic. Nevertheless, both circuits were properly designed, fabricated, tested and compared in this research and in conclusion, the binary weighted circuit is considered as a much more efficient DAC circuit as shown in Figure 7 having a lower percentage error and converts faster compared to the R-2R Ladder circuit despite the latter having easier resistor values.
